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1. Introduction 
The University of Minnesota, St. Anthony Falls Laboratory (SAFL) was contracted by Thirsty Duck, LP 
to conduct a testing program on a series of floating outlets and skimmers. The purpose of the study was to 
develop rating curves, conduct a freezing test, and analyze performance under extreme debris loading 
conditions for their TDP series product. The models tested include the TDP-248 and TDP-184. An 
additional hydrostatic pressure test was conducted on the 8-inch  bellows component of the TDP-248. 
Performance under debris load was evaluated using a mixture of grass (hay), cans, plastic bottles, plastic 
bags, and rope. The discharge rate was monitored during the debris performance tests to determine if the 
debris impaired the function of the product. A freeze test was also performed on a TDP-248 with an 8-
inch bellows. The results of the rating curve experiments were used by Thirsty Duck, LP to calibrate their 
analytic model for predicting flow rates. 
The TDP products are designed to connect to the outlet pipe with a standard 150# ANSI flange 
connection. Figure 1 contains a concept diagram of the TDP system. Major components include an orifice 
to control discharge, a float to suspend the orifice at a fixed distance below the water surface, a skimmer 
to prevent fouling, and an expanding conduit (“bellows”) to convey water from the orifice to the outlet 
pipe. The orifice is cut from a conical plenum that connects the float to the bellows. This allows the 
orifice to be custom sized by the installer. Both floating outlet and skimmers were tested for multiple 
orifice sizes. Testing specifications are provided in Table 1.  
Figure 1 – TDP Series Diagram provided by Thirsty Duck, LP. 
 
Table 1 – Testing Specifications 
Configuration 
Number 
Model Number Nominal Orifice 
Diameter 
(in) 
Operating 
Head 
(in) 
Nominal 
Bellows Inside 
Diameter 
(in) 
Nominal 
Bellows Length 
(in) 
1 TDP-184 1.25 6.25 4.0 96 
2 TDP-184 2.5 7.25 4.0 96 
3 TDP-248 4.0 5.25 8.0 96 
4 TDP-248 6.0 7.00 8.0 96 
5 TDP-248 8.0 8.75 8.0 96 
 
2. Experimental Setup 
2.1 Model Setup 
A test basin was installed in the basement level of SAFL and sized to operate full scale TDP series 
floating outlets and skimmers. The basin was a 60-inch diameter by 7’-6”-feet tall polyethylene tank. The 
bottom of the basin was fitted with a 10-inch outlet flange and two 6-inch inlet flanges. The wall of the 
basin was fitted with a 2-inch bulkhead that served as both a drain and a stage control riser. The inlets 
were supplied from water drawn from the Mississippi River, 50 feet above, and conveyed through the 
laboratory. Flow into the basin was controlled with a gate valve. Six-inch tees were connected to the inlet 
bulkheads to reduce inflow velocities and turbulence. The tees were oriented such that influent water 
enters the basin horizontally and parallel to the walls. The two tees were located such that they supplied 
flow in opposing directions to prevent full-basin vortices. The 10-inch outlet flange was plumbed with 
10-inch PVC which discharged into a tailbox (Figure 2a, 2b).  
 
Figure 2a – Basin and outfall pipe diagram of the test apparatus 
 
Figure 2b – Basin with TDP-248 installed 
 
 
2.2 Data Acquisition 
The water depth in the test basin and the water depth over the weir were automatically logged at 10Hz 
using a miniLAB 1008TM data acquisition board. 
Tailbox, Weir, & Flow Measurement 
The tailbox (Figure 3) was sized and designed to measure discharges from 0.01cfs to 2.1 cfs. The tailbox 
discharged over a 120° v-notched sharp-crested weir at the downstream end (Figure 4). The v-notched 
weir was used to measure discharge according to the following equation: Q = 4.33*h^2.5, where h is the 
Removable 
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height (ft) of water over the invert of the weir and Q is the discharge (cfs). The weir equation and 
minimum tailbox dimensions were provided by the ISCO Open Channel Flow Measurement Handbook 
by Diane K. Walkowiak. The lower discharge limit was set by the weir geometry. The upper discharge 
limit is set by the height of the tailbox walls which were ultimately set by 10-inch PVC outlet plumbing. 
 
Figure 3 – Tailbox diagram of the test apparatus 
 
Figure 4 – 120° V-Notched Sharp-Crested Weir (Q = ~2 cfs) 
 
 
The height of the water over the weir (h) was measured using a Massa M-300/210 ultrasonic sensor. An 
ultrasonic sensor was chosen because it passively measures the water surface without any mechanical 
components that can foul and does not require the surface to be opaque like laser systems require. In the 
vernacular, ultrasonic sensors work by generating a sound wave and listening for a return wave reflected 
off of the nearest surface. The Massa only logs the quickest return, so any bubbles, debris, or waves on 
the surface can make the surface appear higher than it actually is. To compensate for these potential 
errors, the Massa was programmed to sample at 400 Hz and then averaged over 0.1 second intervals to 
produce the required 10 Hz logging rate.  
The Massa sensor was programmed to yield a resolution of 1 mm (0.003 ft); however, experience 
suggests the accuracy is closer to 5 mm (0.016 ft). At the lowest flows, the precision of the ultrasonic 
sensor led to slightly greater variability in the discharge measurement. This issue was only apparent for 
configuration 1: the TDP-184 with a 1.25-inch orifice operating at 6.25 inches of head. 
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A 6-inch thick aluminum straw bundle was placed in the tailbox between the TDP outfall and the weir 
(Figure 4a). The straw bundle acted to straighten the flow on the path to the weir and dampen any vortices 
larger than one-quarter inch. The straw bundle produced a smoother water surface to measure water depth 
from and more consistent discharge over the measurement weir. For the largest discharges (~2cfs), the 
headloss though the straw bundle was excessive and it had to be removed. This was only necessary for 
configuration 5: the TDP-248 with an 8-inch orifice operating at 8.75 inches of head. For this 
configuration, the waves and bubbles present in the absence of the straw bundle increased the variability 
of the measurements and likely led to an over estimation of the discharge (Figure 4b). 
Figure 4a – Tailbox stilling basin with straw bundle diffuser in place 
 
Figure 4b – Tailbox Operating at 2 cfs with straw bundle removed 
 
 
Stage Measurement & Control 
The elevation of the water surface in the test basin was measured using a Rosemount 3051 differential 
pressure meter. The differential pressure meter is accurate within ±0.25 inches of water and can measure 
differential pressure over a range of 48 inches of water. 
A ¼-inch pressure tap was drilled into the side of the basin. The pressure tap was smooth and parallel to 
the wall and did not protrude beyond the wall. The pressure tap was placed near the bottom of the basin in 
a location where the influent velocities would be minimized. 
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Pressure from the pressure tap was conveyed to the positive leg of the differential pressure meter by ¼-
inch ID vinyl tubing. Pressure in the negative leg of the differential pressure meter was held at a constant 
reference water level using water-filled ¼-inch ID vinyl tube held at a known, fixed elevation. Water in 
the vinyl tubing was bled of any large air bubbles prior to each run. The reference water level and the 
recorded stage were also checked for accuracy prior to each run. 
A drain/riser was installed in the basin to act as an auxiliary stage control system (Figure 5). The general 
operation is, once the stage in the basin reaches the height of the riser, flow in excess of the discharge rate 
of the TDP will spill out of the riser. Water discharging through the riser does not influence the discharge 
measurements because discharge is measured downstream of the TDP while the riser was located 
upstream of the TDP. Previous testing of this type has demonstrated that non-realistic, rapid increases in 
stage produce excessive drag which prevents the TDP from operating at its design submergence. 
Excessively rapid increases in stage were prevented by utilizing a larger diameter basin and more 
sensitive influent controls; however, the riser system was also installed as a secondary measure to ensure 
that stage cannot rise faster than the riser segments are installed. Figure 5 shows the stage being fixed at 
varying elevations by the addition of riser segments. The addition of the riser stage control system has the 
consequence of additional samples being taken at depths where the stage was fixed; however, the 
synchronized manor in which the stage and discharge were logged and the realistically slow rate of rise 
result in the additional data collected having no detriment on the resulting stage-discharge curve. 
 
Figure 5 – Auxiliary stage control riser 
 
 
Freeboard Measurement 
For the purpose of determining the freeboard on the TDP, one-inch gradations were marked on the side of 
each skimmer body. For most runs, additional measurements were taken to quantify depth of 
submergence in real time with logged stage and discharge measurement data. 
The freeboard was quantified by measuring the elevation of the top of the TDP and subtracting the 
elevation of the water. The TDP elevation was determined using a laser range sensor mounted to a 
retractable arm above the basin (see Figure 2b). The range sensor was a Keyence LK-2000 Series CCD 
Riser Riser Riser 
Laser Displacement Sensor. This sensor, which measures to an accuracy within ±1 mm, has a range of 0.5 
meters, and can log at rates up to 1000 Hz.  
Despite the accuracy of the sensor, the overall accuracy of the freeboard measurements is significantly 
less. First, the depth of submergence depends on the stage measurements which are only accurate to 0.5 
inches of water surface. Second, depressions in the top surface of the TDP tend to result in underestimates 
of the freeboard. Finally, shifting on the observation platform that researchers viewed the experiment 
from was found move the sensor mount by up to 0.5-inches. Based on our operating practices, these shifts 
would likely have moved the sensor down more often than up, thereby underestimating the actual 
freeboard. With these three error sources combined, the overall accuracy of the freeboard measurements 
are believed to be on the order of 1 to 2 inches with a systematic tendency toward underestimating. In 
general, the one-inch gradations marked on the skimmer body are a more accurate means for 
corroborating the modeled freeboard predictions. 
 
3. Rating Curve Results 
Stage-discharge rating curves for a free discharge condition were developed for each configuration via 
three test runs. The results of these runs are summarized in Figures 6 – 10. These summary plots include 
stage and discharge data averaged over 10-second intervals. In other words, each data point in Figures 6 – 
10 represents the average of 100 data samples logged at 10 Hz.  The error bars in Figures 6 – 10 represent 
the one standard deviation confidence range for that 10-second interval. Note in Figure 6 that the standard 
deviations of the discharge measurements are higher for these runs because the discharges are near the 
lower limit of the weir’s minimum design discharge of 0.01 cfs as discussed in section 2.2. Also note in 
Figure 10 that the standard deviations of the discharge measurements are higher for these runs because the 
discharges are near the upper limit of the tailbox’s maximum design discharge of ~2cfs. The complete 
data sets and results plots are included in Appendices A through E.  
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 4. Rating Curve Models 
Thirsty Duck, LP developed a spreadsheet model to predict the stage-discharge relationship for both of 
the TDP series tested. There are two important considerations for their model. Firstly, due to the nature of 
the fabrication process for TDP Series’ orifice, the theoretical sharp-edged orifice coefficient (0.62) is not 
applicable. As such, the orifice coefficient needs to be calibrated from experimental data. The Thirsty 
Duck model uses an orifice coefficient calibrated using the rating curve data presented in Section 3. 
Secondly, as the stage and the TDP rises the freeboard of the TDP decreases slightly. The Thirsty Duck 
model includes a semi-empirical module for estimating freeboard based on stage which is then used to 
model the discharge. Figures 11 – 15 are plots of the SAFL measured rating curve and the Thirsty Duck 
modeled rating curve. The error bars on the plots represent +/- 5% of the modeled discharge. Copies of 
the Thirsty Duck rating curve model for each TDP are included in Appendices F and G.  
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5. Freeboard Results 
Figures 16 – 20 include plots of the measured freeboard and the Thirsty Duck modeled freeboard. Recall 
the measured freeboard data have a significant bias in underestimating actual freeboard. Visual 
observations of the graduations on the side of each skimmer head were sufficient to corroborate the 
Thirsty Duck freeboard model. These observations have been video documented and are consistent with 
the modeled freeboard. Visual observations of the graduations on the side of the skimmer  also indicated 
that the measurements consistently underestimated the freeboard by 1 to 2 inches. That said the general 
shapes of the measured and modeled freeboard plots suggest that the Thirsty Duck model captures the 
physics driving freeboard depth. Freeboard was only measured for two of the 6-inch orifice runs and one 
of the 8-inch orifice runs because video observation had already corroborated the model. 
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 6. Debris Performance 
Debris performance testing was performed for the full range of operation. The debris tests were conducted 
with a mixture of hay, aluminum cans, plastic bottles, plastic bags, and rope. Tests began with the basin 
fully drained which allowed some debris to bypass the skimmer as the basin filled. This condition 
simulates an extreme debris loading condition and is considered conservative. Video documentation of 
the debris testing experiments is provided in Appendix H. 
None of the debris tests were able to foul the orifice or diminish the rating curve. Attempts were made to 
manually foul the orifice by placing a plastic bag and 4 feet of coiled rope on top of the orifice. These 
attempts also failed to foul the orifice. 
7. Freeze Testing 
A freeze test was performed on a TDP-248. A 10-inch flange was plumbed into the bottom of a 42-inch 
diameter test basin. The product was bolted to the flange in a manner consistent with normal operation. 
The test basin will filled with water to the elevation for the orifice. The TDP-248 was left outside in sub-
zero temperatures for two nights, after which all of the water in the test basin froze solid. Upon 
inspection, the TDP-248 appeared to be intact after initial freeze up. Water discharged into the test basin 
was able to pass through the apparatus and out the flanged fitting in the bottom of the test basin. The 
discharge was below the discharge required to float the TDP-248. A post-thaw inspections and post 
freeze/thaw cycle inspections were not possible because temperatures had not increased sufficiently to 
melt the ice in the test basin. A post-thaw inspection will be completed in spring 2014. 
8. Hydrostatic Pressure Test 
A hydrostatic pressure tests was conducted on an 8-inch diameter by 8-foot long bellows. The test was 
conducted within a 9-foot tall by 14-inch diameter PVC pipe (Figure 21). The pipe was capped on the 
bottom with a blind flange. The bottom of the bellows was also connected to the same blind flange by a 
10-inch flange. The test cylinder was stood vertically and the bellows was stretched up to a height of 9 
feet. The void between the cylinder wall and the outside of the bellows was filled with water to a depth of 
9 feet. The inside of the bellows was left empty and open vented. Inspections of the bellows under 
pressure and after the test was complete showed no visible damage to the bellows. 
 
Figure 21 – Hydrostatic pressure test cylinder 
 
7. Summary 
SAFL conducted third-party testing on two TDP series floating outlets and skimmers manufactured by 
Thirsty Duck, LP. SAFL measured the stage-discharge relationship for each product and found that it 
could be accurately predicted using the spreadsheet model developed by Thirsty Duck, LP. Performance 
under extreme debris loading conditions was tested using a mixture of hay, aluminum cans, plastic 
bottles, plastic bags, and rope. The debris loads tested were unable to foul either the TDP-184 or the TDP-
248 or measurably modify the rating curve determined for each device. A freeze test was conducted on a 
TDP-248 device. The device was frozen in a block of solid ice at an elevation up to the device’s orifice. 
External investigation found that the ice did not appear to damage the device. Flow testing found that ice 
did not foul the device, but may inhibit flotation. 
 Appendix A – TDP-184 w/ Orifice = 1.25 & Head = 7.25 Data 
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Appendix B – TDP-184 w/ Orifice = 2.5 & Head = 8.25 Data 
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 Appendix C – TDP-248 w/ Orifice = 4 & Head = 7 Data 
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 Appendix D – TDP-248 w/ Orifice = 6 & Head = 8.75 Data 
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 Appendix E – TDP-248 w/ Orifice = 8 & Head = 10.5 Data 
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 Appendix F – TDP-184 Design Spreadsheet 
 
PROJECT NAME:
DATUM: ASSUMED
INNER AND OUTER ORIFICE SIZE:
DEVICE MODEL 184 MUST SELECT FROM AVILIBLE ORIFICE SIZES FOR MODEL NUMBER FOR CALCULATIONS TO WORK PROPERLY
DIAMETER DIAMETER AREA AREA
(inches) (feet) (sq. inches) (sq. ft)
NOMINAL INNER ORIFICE DIA (FOR PLANS) 1.25 0.10 1.2272 0.0085
ACTUAL INNER ORIFICE DIAMETER 1.29 0.11 1.3070 0.0091
INNER ORIFICE PERIMETER 4.0527 0.34
WEIR COEFFICIENT 3
ORIFICE COEFFICIENT 0.52
WEIR TO ORIFICE TRANSITION HEAD (Co x Ao)/(Cw x Lw) 0.45 0.037
DESIGN ELEVATIONS (FT NGVD29):
TOP OF BANK 7.00 ft ASSUMED
MINIMUM DISCHARGE ELEVATION 3.64 ft ASSUMED
DESIGN PEAK STAGE 7.00  ft ASSUMED
DESIGN TAILWATER -1.00 ft ASSUMED
ORIFICE DATA:
C (INNER ORIFICE) 0.52 unitless
C (WEIR COEFFICIENT) 3 unitless
PROPOSED SUBMERGENCE (INNER ORIFICE) 0.00 ft
DESIGN OPERATING HEAD 6.25 in MUST BE WITHIN LIMITS OF RODS & ORIFCE FROM HEAD CHARTS
MIN (in) 5.5 MAX (in) 11.250000
MAX FLOW RATE 0.027334 cfs
HOUSING BOX DATA  (CASE C – Inflow through slot(s)):
IS A HOUSING BOX TO BE USED? NO
SLOT LENGTH 1000.00 ft.
SLOT  HEIGHT 1000.00 ft.
WEIR COEFFICIENT 3.20 unitless
ORIFICE COEFFICIENT 0.80 unitless
SLOT INVERT ELEVATION 3.64  ft ASSUMED
SLOT CENTROID ELEVATION 503.64  ft ASSUMED
SLOT CROWN ELEVATION 1003.64  ft ASSUMED
BELLOWS DATA:
BELLOWS INSIDE DIAMETER 4.00 in
BELLOWS LENGTH 8.00 ft.
BELLOWS COLLAPSED HEIGHT 0.833333333 ft.
RATING CURVE COMPUTATION INCREMENT: 0.01 ft
TDP
THIRSTY DUCK TD 248/184SERIES
TAILWATER ELEVATION -1 FT ASSUMED
STAGE VS. DISCHARGE RELATIONSHIP CONSIDERING TAILWATER EFFECTS
ENTER VALUES IN YELLOW CELLS ONLY
DO NOT CHANGE VALUES IN CYAN CELLS UNLESS DIRECTED BY A THIRSTY DUCK ENGINEER
Mon.-Fri.  8 am to 5 pm (EST)
(727) 376-2400
Call a Thirsty Duck Engineer
E-mail Thirsty Duck for Assistance
www.Thirsty-Duck.com/technical-info
TDP
Need Help?
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STAGE VS. DISCHARGE RELATIONSHIP CONSIDERING TAILWATER EFFECTS
TAILWATER ELEVATION -1 FT ASSUMED
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Appendix G – TDP-248 Design Spreadsheet 
 
PROJECT NAME:
DATUM: ASSUMED
INNER AND OUTER ORIFICE SIZE:
DEVICE MODEL 248 MUST SELECT FROM AVILIBLE ORIFICE SIZES FOR MODEL NUMBER FOR CALCULATIONS TO WORK PROPERLY
DIAMETER DIAMETER AREA AREA
(inches) (feet) (sq. inches) (sq. ft)
NOMINAL INNER ORIFICE DIA (FOR PLANS) 4 0.33 12.5664 0.0873
ACTUAL INNER ORIFICE DIAMETER 4.24 0.35 14.1196 0.0981
INNER ORIFICE PERIMETER 13.3204 1.11
WEIR COEFFICIENT 2.2
ORIFICE COEFFICIENT 0.65
WEIR TO ORIFICE TRANSITION HEAD (Co x Ao)/(Cw x Lw) 2.51 0.209
DESIGN ELEVATIONS (FT NGVD29):
TOP OF BANK 7.00 ft ASSUMED
MINIMUM DISCHARGE ELEVATION 2.13 ft ASSUMED
DESIGN PEAK STAGE 7.00  ft ASSUMED
DESIGN TAILWATER -1.00 ft ASSUMED
ORIFICE DATA:
C (INNER ORIFICE) 0.65 unitless
C (WEIR COEFFICIENT) 2.2 unitless
PROPOSED SUBMERGENCE (INNER ORIFICE) 0.00 ft
DESIGN OPERATING HEAD 5.25 in MUST BE WITHIN LIMITS OF RODS & ORIFCE FROM HEAD CHARTS
MIN (in) 6.25 MAX (in) 9.500000
MAX FLOW RATE 0.338302 cfs
HOUSING BOX DATA  (CASE C – Inflow through slot(s)):
IS A HOUSING BOX TO BE USED? NO
SLOT LENGTH 1000.00 ft.
SLOT  HEIGHT 1000.00 ft.
WEIR COEFFICIENT 3.20 unitless
ORIFICE COEFFICIENT 0.80 unitless
SLOT INVERT ELEVATION 2.13  ft ASSUMED
SLOT CENTROID ELEVATION 502.13  ft ASSUMED
SLOT CROWN ELEVATION 1002.13  ft ASSUMED
BELLOWS DATA:
BELLOWS INSIDE DIAMETER 8.00 in
BELLOWS LENGTH 8.00 ft.
BELLOWS COLLAPSED HEIGHT 0.833333333 ft.
RATING CURVE COMPUTATION INCREMENT: 0.01 ft
DO NOT CHANGE VALUES IN CYAN CELLS UNLESS DIRECTED BY A THIRSTY DUCK ENGINEER
Mon.-Fri.  8 am to 5 pm (EST)
(727) 376-2400
Call a Thirsty Duck Engineer
E-mail Thirsty Duck for Assistance
www.Thirsty-Duck.com/technical-info
TDP
Need Help?
TDP
THIRSTY DUCK TD 248/184SERIES
TAILWATER ELEVATION -1 FT ASSUMED
STAGE VS. DISCHARGE RELATIONSHIP CONSIDERING TAILWATER EFFECTS
ENTER VALUES IN YELLOW CELLS ONLY
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 Appendix H – Debris Performance Video 
 
